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Abstract The objectives of this study were to examine the
trends of greenhouse gas (GHG) emission intensity (EI) from
livestock sector in Indonesia, and also to suggest mitigation
measures for the emissions. GHG emissions were calculated
by using 2006 Intergovernmental Panel on Climate Change
Guideline (2006 IPCC GL) Tier 1 method based on carbon
dioxide equivalent (CO2eq) with default values except for
Indonesian livestock population. GHG EI (emissions
intensity) of livestock sector in Indonesia was calculated by
dividing total GHG emissions by Indonesian meat production
from livestock commodities. In 2015, beef cattle contributed
66.99% from total GHG emissions from livestock sector,
followed by goat (8.38%), sheep (7.40%), buffalo (6.89%),
swine (5.03%), broiler chicken (3.80%), and horse (0.72%).
However, in 2015, buffalo showed the highest EI
(kgCO2eq/kg meat) by 6.44, followed by beef cattle (5.88),
sheep (4.69), goat (4.07), swine (3.50), horse (3.09), and
broiler chicken (0.38). Els from swine, goat, sheep, broiler
chicken, horse, beef cattle, and buffalo decreased by 60.77%,
58.59%, 46.68%, 21.30%, 18.15%, 19.94%, and 13.13% from
2000 to 2015, respectively. Results of GHG emissions and
GHG Els from each livestock category in Indonesia shown the
improvement direction in order to mitigate GHG emission.
Therefore, Indonesian government should focus on the beef
cattle and buffalo that are a high contribution on GHG
emissions and high El by increasing the efficiency of livestock
rearing management such as livestock health, genetic, diets,
and environment.
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Introduction

Since pre-industrial era, the growth of economic and
population has driven the increase of anthropogenic

greenhouse gas (GHG) emissions. Methane (CH4) and carbon
dioxide (CO2) levels have increased by 148% and 38%,
respectively, as of 2009, above pre-industrial levels, resulting
in global warming and an increase of the average temperature
of the earth’s surface by 0.6°C since the late 1800s (Watson et
al 2001). In 2010, total anthropogenic GHG emission was
49+4.5 gigatonne CO- equivalent per year (Gt COgeq/year)
(Watson et al 2001) and agriculture sector contributed 10-12%
of the global GHG emissions (IPCC 2014). Greenhouse gas
emissions from livestock sector include CH4 and nitrous
oxide (N20). Methane is emitted from two sources, enteric
fermentation, and manure management. Methane is produced
by herbivores as a by-product of enteric fermentation, a
digestive process by which carbohydrates are broken down by
microorganisms into simple molecules for absorption into the
bloodstream (IPCC 2006). Methane emission from manure
management is produced during the anaerobic decomposition
of the manure. Its formation depends on several factor such as
animal numbers, waste production per animal, and further,
how the manure is managed (IPCC 2006). Nitrous oxide
emissions occur via combined nitrification and denitrification
of nitrogen contained in the manure, known as direct N.O
emissions, and also as a result from volatile nitrogen losses
that occur primarily in the forms of ammonia and NOy, known
as indirect N2O emissions (IPCC 2006).

Population growth, increases in per capita consumption
and changes in diets leading to the consumption of more
livestock products are the main drivers of agriculture product
demand growth (Alexandratos and Bruinsma 2012). Demand
for meat and milk is set to double by 2050 (FAO 2012). This
leads to an increase of livestock population and as a result,
GHG emissions from livestock sector increases. Mitigation
for GHG emissions can be applied in various level, including
in commodity level. Commodity-specific assessment helps to
show the potential impact of promising farm mitigation
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measures when extrapolated to the whole industry (Verge et
al 2009). One option for reducing GHG emissions from
agriculture is to minimize the impact of various commodities
on the environment (Verge et al 2009). In the context of
human food security, the most relevant measure is ‘emissions
intensity’ which expresses the quantity of gases produced per
animal for a unit of production. This measurement most
accurately reflects the management, feeding and manure
systems of livestock in developing countries and the effects of
given mitigation practices (Gerber et al 2013).

Indonesia’s agriculture contributed 5% of national
GHG emissions, with the emissions from enteric fermentation
and manure management was counted for 18.14% and 2.57%
of agricultural contribution in 2001 (MoE 2013). The meat
consumption in Indonesia increased by 51.9% from 4.2
kg/capita/year in 2009 to 6.4 kg/capita/year in 2015 (MoA
2013; MoA 2016). The increase of meat consumption drove
the increase of livestock population to fill the national meet
demand. In 2015, total livestock population in Indonesia
increased by 40.08% than the population in 2000 (MoA 2001,
MoA 2016). The largest population of livestock in Indonesia
is chickens, followed by duck, goat, sheep, beef cattle, swine,
buffalo, dairy cattle, and horse.

Therefore, this study was conducted to examine the
trends of the emission intensities of livestock commaodities in
Indonesia and to suggest the mitigation measures for the
emissions. The GHG emissions include CH4 emissions from
enteric fermentation and manure management, also N;O
emissions from manure management.

Materials and Methods

Data from Statistic on Livestock (MoA 2001; MoA
2006), Statistic of Livestock and Animal Health (MoA 2013,;
MoA 2016), and 2006 Intergovernmental Panel on Climate
Change Guideline (2006 IPCC GL) Tier 1 method were used
to calculate emissions from livestock in Indonesia. Although
Tier 2 and Tier 3 methods are generally considered to be more
accurate, they require a detailed information about livestock
in the country which is not available in Indonesia. In 2006
IPCC GL the emissions from livestock sector consist of three
sources: CH4 from enteric fermentation, CH4 from manure
management, and NoO from manure management. The total
emissions from livestock sector were calculated using total
livestock population in Indonesia. For emission intensity, the
emissions from the total number of slaughtered livestock
(MoA 2011) were used. However, the number of slaughtered
swine from the statistic showed unreasonable number because
the carcass weight reached more than 100 kg when the meat
production was divided by the number of slaughtered animals.
Therefore, the number of slaughtered swine (Table 1) was
calculated using equation from Livestock and Animal Health
Data Collection Guideline (MoA 2011) below:

Pt=Po+B-D-S—E+|

where Pt is animal population in year t, Po is early population
in year t or last population from year before t, B is birth of
livestock in year t (Po times birth percentage), D is death of
livestock in year t (Po times death percentage), S is
slaughtered livestock, E is exported livestock, and | is
imported livestock.

The number of broiler chicken in 2000 was included in
the poultry population, so that, the number of population in
2000 was calculated using the percentage of broiler chicken in
2005 (67.3% of total poultry population). The livestock sector
included in this study was the meat-producing commodity
(beef cattle, buffalo, sheep, goat, swine, horse, and broiler
chicken). Other commodities such as dairy cattle, native
chicken, layer chicken, and duck were not included because
these commodities are considered to be the dual-purpose
commodity, producing meat, milk, and/or egg.

Methane emissions from enteric fermentation were
calculated by multiplying the number of livestock with the
CH4 emission factor (EF) for enteric fermentation from 2006
IPCC GL for each livestock category. Default EFs based on
the regional characteristic in Asia were applied for dairy and
beef cattle, default EFs for other livestock were based on
developing countries characteristic. For CH4 from manure
management, the equation to estimate CH4 emissions from
manure management was the result of multiplication of the
number of animals with CH, EF for manure management from
2006 IPCC GL for each livestock category. Default EFs based
on the regional characteristic in Asia with annual temperature
26°C from were applied for beef cattle, swine, and buffalo.
Default EFs for other livestock were based on developing
countries characteristic.

Even though N>O emissions consist of direct and
indirect emissions, in this study, only direct emission was
calculated for the emissions from the livestock sector. The
equation to calculate N2O emissions was:

N2Oomm = [Es[Er Nery ¢ Nexcry * MSrs)] * EFss] « %

where N2Opmm is direct N.O emissions from manure
management in the country (kg N.O/year), N¢r) is number of
head of livestock species per category T in the country, Nex
is annual average N excretion per head of species per category
T in the country (kg N/animal/year), MS(r,s) is fraction of total
annual nitrogen excretion for each livestock species per
category T that is managed in the manure management system
S in the country, EF@s) is emission factor for direct N.O
emissions from manure management system S in the country
(kg N2O-N/kg N). Default Nexcr), MS¢r,s), and EFss) from 2006
IPCC GL were used to estimate N,O emissions.
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Emission intensity represents the amount of emissions
by livestock per production unit. In this study, emission
intensity was based on the emissions from enteric
fermentation and manure management, per meat production
unit. Meat production data were obtained from Statistic on
Livestock (MoA 2001; MoA 2006) and Statistic of Livestock
and Animal Health (MoA 2013; MoA 2016). Meat production
is defined as the carcass resulting from livestock slaughtered
plus edible offal during a certain period and in a certain region

(MoA 2011). The emissions for emission intensity calculation
were based on the emissions from the number of slaughtered
livestock in Indonesia (beef cattle, buffalo, sheep, goat, swine,
broiler chicken, horse). Hereafter, the emissions were divided
by the meat production from each livestock category. The use
of meat production in emission intensity measurement can
reflect the management, feeding and manure systems of
livestock.

Table 1 Calculation for the number of livestock slaughtered for swine.

Year (hga%s) %oB* (heids) 0" (heads) (heEds) (hezlids) (heF;tds) (heids)
2000 7,041,820° 9512 6,698,179 1959 1,379,493 443322° 227,263% 5356834 6,787,614
2005 5980,148° 9512 5688317 1950 1,171,511 1,145434° 239,341° 6,800,698 2,790,163
2010 69750000 9512 6,634,620 1959 1,366,403 226,533 210,694 7,477,000 4,759,379
2015 7,694000° 9512 7,318533 1950 1,507,255 486,541° 202,971° 7,808,087 5413621

Source: Department of Agriculture (2001; 2006), Ministry of Agriculture (2013; 2016); “Based on the survey of livestock
household 2008 by BPS-Statistic Indonesia and Directorate General of Livestock Services Ministry of Agriculture, 2016.

Results and Discussion

The highest emitter of GHG emissions from livestock
sector in 2015 was beef cattle (Figure 1). Beef cattle was the
highest emitter (66.99% of total GHG emissions from
livestock sector in Indonesia) in 2015, followed by goat
(8.38%), sheep (7.40%), buffalo (6.89%), swine (5.03%),
broiler chicken (3.80%), and horse (0.72%). This high share
of GHG emissions was caused by the high EF in CH4 from
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enteric fermentation due to high conversion from feed energy
to methane, CH4 from manure management due to the high
volatile solids (VS), and also high nitrogen excretion (Nex) due
to the coarse feed. The biggest increase from CH4 emissions
from developing countries is usually associated with the
expansion of beef and dairy cattle production in these
countries (Caro et al 2014).
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Figure 1 Greenhouse gas emission from livestock sector in Indonesia from year 2000 to 2015.
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High emission intensities were shown by ruminants,
such as buffalo, beef cattle, sheep, and goat (Figure 2). In
2015, emission intensities (kgCO2eq/kg meat) in buffalo, beef
cattle, sheep, and goat were 6.44, 5.88, 4.69, and 4.07,
respectively. Emission intensities of other livestock such as
swine and horse were 3.50 and 3.09, respectively. High
emission intensity is usually caused by the low productivity in
each commodity compared to the emission. Low productivity
is highly related to the management practices. In Indonesia,
ruminants, mainly buffalo and big cattle, are mostly raised by
small-scale farmers, often with 1-2 buffaloes (Triwulaningsih
and Praharani 2018) or 2-3 cattle (Priyanti et al 2012) per
household. Also, traditionally, farmers in Indonesia raise the
livestock as for-profit and workforce in the field. Buffaloes are
raised as draught power animal, food supplies and source of
manure, ritual ceremony animal, especially in North Sumatra
and South Sulawesi and some other regions in Indonesia.
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Farmers raise buffalo for draught power and profit, so that the
old buffalo are culled and slaughtered (Triwulaningsih and
Praharani 2018). The feed for the draft animal in the rural
farming system is relied on mixed-crop farming system, where
practically buffalo are grazed on marginal lands such as rice
buds, highway shoulder, scrub forest, as well as utilizing crop
wastes such as rice straws (Triwulaningsih and Praharani
2018). Similar to buffalo, small-scale cattle production is well
integrated with intensive crop production, consequently, crop
residues and by-products are a major source of cattle feed,
while cattle still provide draught power and manure for
cropping (Priyanti et al 2012). High GHG emission intensities
are driven by low animal productivity across large areas of
arid lands, the use of low-quality feeds, feed scarcity, and
animals with low productive potential that are often used for
draft power and to manage household risk, as well as for
production (Herrero et al 2016).
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Figure 2 The trends of GHG emission intensity from year 2000 to 2015 based on meat production from slaughtered livestock in Indonesia.

On the other hand, the lowest emission intensity were
shown by broiler chicken with 0.38 kgCOeq/kg meat. The
low emission intensities in chicken was caused by the equality
of the increased GHG emissions and the increased production.
This indicates that the efficient production can result in the
decline of emission intensity (Herrero et al 2013). Moreover,
the production of swine and poultry is the most efficient
(Herrero et al 2013) and the production of meat and eggs from
monogastric has significantly lower emission intensities than
milk and meat from ruminants. Low emission intensities are
driven largely by the industrial pig and poultry sectors which

consume high quality, balanced concentrate diets, and which
tend to use animals of high genetic potential (Herrero et al
2013). In the application of livestock industry, enzymes are
widely added to feeds for pigs and poultry, and these have
contributed with breeding to have substantial gains in feed
conversion efficiency that have been achieved (Thornton
2017).

Overall, the emission intensities from livestock in
Indonesia reduced from 2000 to 2015 (Figure 2). Swine, goat,
sheep, broiler chicken, horse, beef cattle, and buffalo showed
a reduction of emission intensity by 60.77%, 58.59%, 46.68%,
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21.30%, 18.15%, 19.94%, and 13.13%, respectively. The
decrease of the emission intensity showed that the livestock
management in Indonesia has become more efficient,

resulting in better production. This is also shown by the
increase of carcass weight per livestock category from 2000 to
2015 (Table 2).

Table 2 Livestock production in Indonesia from year 2000 to 2015.

Meat production

Total

Livestock Year population Total slaughter Averg ge Total meat
(heads) (heads) carcailig\]/;/elght production (tonnes)
2000 11,008,000 1,695,374 200.5 339,900
Beef cattle 2005 10,569,000 1,653,770 216.9 358,700
2010 13,582,000 2,068,706 211.0 436,500
2015 15,420,000 2,175,000 233.0 506,700
2000 245,000 213,450 215.0 45,900
Buffalo 2005 2,128,000 163,848 2325 38,100
2010 2,000,000 176,198 203.7 35,900
2015 1,347,000 143,000 247.6 35,400
2000 7,427,000 1,873,368 24.0 44,900
Sheep 2005 8,327,000 1,228,277 385 47,300
2010 10,725,000 1,574,826 285 44,900
2015 17,025,000 990,000 449 44,500
2000 12,566,000 2,385,025 14.0 33,400
Goat 2005 13,409,000 2,451,584 20.6 50,600
2010 16,620,000 2,354,542 29.2 68,800
2015 19,013,000 1,919,000 33.8 64,900
2000 5,357,000 1,459,214 111.3 162,400
Swine* 2005 6,801,000 1,646,482 105.5 173,700
2010 7,477,000 1,563,353 135.6 212,000
2015 7,808,000 2,033,000 162.4 330,200
2000 5,357,000 6,787,614 23.93 162,400
Swine** 2005 6,801,000 2,790,163 62.25 173,700
2010 7,477,000 4,759,379 44.54 212,000
2015 7,808,000 5,413,621 60.99 330,200
2000 530,874,000 530,874,000 1.0 555,218
Chicken, 2005 811,189,000 811,189,000 1.3 1,080,500
broiler*** 2010 986,872,000 986,872,000 1.2 1,214,300
2015 1,528,329,000 1,528,329,000 1.3 2,030,900
2000 412,000 7,219 138.5 1,000
Horse 2005 387,000 10,565 151.4 1,600
2010 419,000 17,790 112.4 2,000
2015 430,000 13,000 169.2 2,200

Source: Department of Agriculture (2001; 2006), Ministry of Agriculture (2013; 2016) *The number of slaughtered animals based on livestock statistic; **The
number of slaughtered animals based on calculation from Livestock and Animal Health Data Guideline 2011; *** Slaughtered population was considered as

much as total population.

Several measures are needed in order to mitigate GHG
emissions and maintain the efficiency of production.
Indonesia, as a part of developing countries, tends to have low
emission intensities from the developed country due to high
emissions from livestock, low productivity, and a large
number of animals. Conversely, the developed countries have
high absolute emissions. Those countries, however, have
improved livestock diets, genetics, health, and management
practices (Herrero et al 2013) so that the emission intensity is
low. Several options such as improving the genetic potential

of animal for production, reproductive performance, health
and live weight gain rates are among the most effective
approaches for reducing GHG emissions per unit of product
(Cottle et al 2011) while reducing the age of slaughter by
increasing live weight gain rates significantly decreases GHG
emissions per unit product in beef and other meat production
systems (Zervas and Tsiplakou 2012). Another important
mitigation option for livestock in developing countries,
especially in ruminants, is the utilization of forages with high
digestibility. When the digestibility of forages increases,
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conversion of feed energy to methane in enteric fermentation
and manure excretion are reduced, and consequently the
emissions of CHsand NO decreases (Forabosco et al 2017).
Also, efficient and controlled manure management can be the
mitigation strategies to lower the emission and then lower the
emission intensity. In developing countries, just applying
simple techniques such as piling, compacting, and covering
the manure have positive effects on reducing the emissions
and nutrient losses (Forabosco et al 2017).

Conclusions

In 2015, beef cattle was the highest contributor of total
GHG emissions from livestock sector in Indonesian,
meanwhile buffalo and broiler chicken had the highest and the
lowest emission intensity, respectively. Moreover, the
emission intensities from livestock sector in Indonesia showed
a reduction from the year 2000 to 2015 and the highest
reduction of emission intensity was showed by swine. The
cause of the reduction was the intensification of the livestock
industry and better management of livestock industry in
Indonesia. Better management practices were also reflected by
the increase of carcass weight per livestock category.
However, the number of slaughtered swine should be
reviewed in advance since the number from Indonesian
Livestock Statistic was quite unreasonable. In the future,
Indonesia is suggested to focus on better management of the
ruminants, either large or small ruminants to increase the
productivity. The concern of management practices, health,
genetic, and diets may improve the productivity of livestock,
while the proper manure management will help lower the
emissions from livestock and help reduce the emission
intensity from the livestock sector.
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